Insights into eukaryotic evolution from transmembrane domain lengths.
Biological membranes, comprised of proteins anchored by their trans-membrane domains (TMDs) creating a semi-permeable phase with lipid constituents, serve as 'checkposts' for not only intracellular trafficking in eukaryotic cells but also for material transactions of all living cells with external environments. Hydropathy (or hydrophobicity) plots of 'bitopic' proteins (i.e. having single alpha-helical TMDs) are routinely utilized in biochemistry texts for predicting their TMDs. The number of amino acids (i.e. TMD length) embedded as alpha-helices may serve as indicators of thickness of biological membranes in which they reside under assumptions that are universally applied for fixing window sizes for identifying TMDs using hydropathy plots. In this work we explore variations in thickness of different eukaryotic biological membranes (reflected by TMD lengths of their resident proteins) over evolutionary time scales. Rigorous in silico analyses of over 23,000 non-redundant membrane proteins residing in different subcellular locations from over 200 genomes of fungi, plants, non-mammalian vertebrates and mammals, reveal that differences in plasma membrane and organellar TMD lengths have decreased over time (scales) of eukaryotic cellular evolution. While earlier work has indicated decreasing differences in TMD lengths with increasing 'perceived' organismal complexity, this work is the first report on TMD length variations as a function of evolutionary time of eukaryotic cellular systems. We report that differences in TMD lengths of bitopic proteins residing in plasma membranes and other intra-cellular locations have decreased with evolutionary time, suggesting better/more avenues of intracellular trafficking in the emergence of eukaryotic organisms.